containing 9ϩ0 axonemal organization of microtubules. Each chordotonal organ neuron has a single long cilium, the assembly of which begins from the distal basal bodies in the dendrite and which is attached to a tubeshaped dendritic cap at the apex. Such chordotonal 
and Uncoordinated of opsin and arrestin to the outer photoreceptor comTo obtain mutations in the DmKap gene, we used the partment [25] . Although these pieces of evidence genomic transgenes P(213wϩ) and P(219wϩ) in a chrostrongly indicate that Kinesin II is a good candidate for mosome walking strategy ( Figure 1A ). This yielded two the transport of components required for the assembly PlacW insertion alleles, DmKap KP1 and DmKap
KP2
, and and maintenance of eukaryotic cilia and flagella, little is two EMS-induced alleles, DmKap V5 and DmKap
V6
. Alknown about the role of KAP in this process. An in vivo though the DmKap homozygous flies die at or before analysis in C. elegans with GFP-tagged OSM-6 and KAP the pupal stage, careful culture conditions allowed us has shown that the two proteins transport along the to obtain several homozygous/hemizygous escapers as sensory cilium at a rate similar to the in vitro rate of pharate adults. Some of these mutant pupae, except Kinesin II; this finding indicates that KAP is associated for DmKap
V5
, even emerged as uncoordinated adults. with the IFT complex in the cilium [26] . DmKap V5 adults never emerge by themselves, but if res-KLP64D, KLP68D, and DmKAP are predicted to form cued from the pupal case, they survive for 2-4 days on the Kinesin II holoenzyme in Drosophila, and they are moist filter paper. The uncoordinated behavior of these shown to coexpress in ciliated sensory neurons during mutants is similar to that described earlier for adult [31] , and Gal4 SG18.1 expresses in a majority of senneurons is required for ciliogenesis in a cell autonomous manner. sory neurons plus a subset of neurons in the central nervous system in larvae and adults [32, 33] Figure 2B ). These experiments decided to investigate the cilia structures of these neumapped the auditory defect to the DmKap gene. Howrons in DmKap alleles. We found that the sensory cilia ever, it is still formally possible that the auditory defects were absent in the mutant animals ( Figure 1C) , and DmKap KP2 hemi- Figure 1B ). This suggested that DmKAP activity in the JO Figure 3I) Figure 5B ) and were often located in the same plane as the dendritic caps (arrow, Figure 5A ). This might happen if the distal-most axoneme extension is compromised. The sensory cilia were absent (Figures 5F-5H) in most of the JO scolopidia from Klp64D k1/A8.n123 hemizygous adults, but the inner-dendritic segment and desmosomal junctions (open arrow, Figure 5H ) appeared normal. Together, these observations show that severe mutations in both DmKap and Klp64D would cause identical defects in JO neurons, while weaker hypomorphic mutations in the Klp64D locus, e.g., Klp64D k5 , would cause moderate levels of ciliary and axonemal damage. Interestingly, the levels of ciliary and axonemal defects in different Klp64D and DmKap alleles were directly correlated to the reduction of the auditory response. Since both DmKap and Klp64D functions are cell autonomous and map to the JO neurons, these gene products are involved in ciliogenesis in the JO neurons.
Reduced DmKap Dose Enhances the Auditory Defects of Klp64D Homozygous Adults
To further test the functional interaction between the two Kinesin II subunits DmKAP and KLP64D during ciliogenesis, we used a dominant genetic interaction paradigm in which sound-evoked responses were recorded from flies carrying one copy of a DmKap mutation and a viable combination of Klp64D mutations. Reduction to a single copy of DmKap V6 significantly enhanced the recessive lethality of different Klp64D combinations (Table 1) . This made it difficult to obtain viable adults carrying one copy of a DmKap mutant allele and two have an almost indistinguishable set of defects (see Figure S3 in the Supplemental Data) from those seen in Klp64D k5/k5 animals ( Figures 5A-5E ). These ciliary defects adulthood. To study whether the auditory defect has a correlation to ciliary structure, we analyzed the JO were significantly enhanced in DmKap V6 /ϩ; Klp64D l4 / Klp64D k5 animals ( Figures 6C-6E ). Once again, we found scolopidia from Klp64D mutant combinations. Often the scolopidia from Klp64D k5/k5 adults contain complete sets that the proximal basal body structures (big arrows, Figures 6C and 6D ) were normal and that the desmoof cilia (Figures 5A, 5D, and 5E) . The basal body structures (arrowhead, Figure 5C ), ciliary roots (open arrow, somes between inner-dendritic segments were present (arrows, Figures 6E) . However, the cilia appear greatly Figure 5C ), and desmosomal junctions between innerdendritic segments appeared normal. However, the cilideformed and disappear apically (fine arrow, Figure 6C ). The mutant larvae of appropriate genotypes were collected at the first instar stage and were allowed to grow in sparsely populated vials. "% Emerged" indicates the (number of adults emerged/total number of larvae collected) ϫ 100.
Transverse sections through central and distal levels of sperm flagella [4] . Therefore, to determine the universality of this hypothesis, we examined the testes from the scolopales showed variable presence of the axoDmKap V6 (N ϭ 17) hemizygous and Klp64D k1/A8n123 (N ϭ 10) nemes within the dendritic caps, and some ciliary memmales. We were surprised to find that seminal vesicles of branes appeared inflated. This further established that these mutants had vigorously motile sperm (see SuppleDmKAP interacts with KLP64D for axoneme growth from mental Movies 1 and 2 in the Supplemental Data). In the distal basal body in JO neurons. addition, the DmKap V6 males, rescued with neuronally expressed UAS-Kap (with the Gal4 C155 driver), were as Kinesin II Is Not Required for the Assembly fertile as the wild-type. We verified that Gal4 C155 does or Maintenance of Sperm Flagella not express in the germline cells of the testis by using The Kinesin II subunits KRP85 and SpKAP115 localize the UAS-mCD8::GFP reporter element. Hence, this obto the mid-piece and flagellum of sea urchin and sand servation established that the sperm axoneme growth dollar sperm [38] . Additionally, Polaris, the mouse homois not affected in DmKap mutants. We also examined log of IFT88, is present in mature spermatids [39] . These the morphology of sperm axonemes in Klp64D mutants. observations indicated that Kinesin II and the IFT partiUnlike sensory cilia, Drosophila sperm tails contain the classical 9ϩ2 microtubule arrangement. Ultrastructural cles are involved in the maintenance and the growth of analysis revealed normal axoneme and other sperm tail Conclusions DmKap interacts with Klp64D, and these two gene prodstructures in these mutants (Figure 7 ). This suggests that in Drosophila, Kinesin II is not required to generate ucts are involved in axonemal assembly in the sensory cilia of JO neurons, but not in sperm. Our genetic interacor maintain sperm flagella. This result is consistent with the finding that the Drosophila nompB gene product, a tion study suggests that DmKAP plays an important role in Kinesin II motor activity in vivo. This work has homolog of the Chlamydomonas IFT88 protein, is also not required to generate motile sperm [40] . This indiestablished a genetic interaction paradigm to further study the in vivo functions of Kinesin II and IFT proteins cates that sperm development in Drosophila occurs by an IFT-independent mechanism. by using auditory function as an assay. constructing these unusually long flagella.
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